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Intermolecular tunnelling between diffusing spherical potential wells : a first approach to direct proton transfer in solutions E. Belorizky (1) and P. H. Fries (2) (1) Laboratoire [1] [2] [3] [4] . This topic is of much interest because it is involved in many chemical and biological processes [2] .
The kinetics of proton transfer is usually described by assuming three successive steps : the approach of the reactants up to a suitable distance, the reactive phase during which the proton is transferred, and the separation of the products. These steps are treated independently and the slowest one determines the reaction rate. This rate is either diffusion controlled [5, 6] when the proton is transferred instantaneously during each molecular collision, or independent of diffusion [2] figure 1 where R is the relative position of the centers of the wells. This relative position depends on the translational and rotational motions of the two diffusing molecules. For sake of simplicity it will be however assumed that the random motion of the two wells can be described by the usual translational diffusion equation with an effective relative diffusion constant D. Despite of the fact that the two molecules cannot interpenetrate because of the electron cloud repulsion, we take V = 0 outside the two potential wells as a first approximation. This neglects not only the Coulomb interaction of the proton with the electronic clouds between the two spheres, but also the impossibility for the proton to penetrate well inside the molecules. Thus V (r) appears like an average effective potential for the proton.
ENERGY LEVELS OF THE SPHERICAL WELL. -
The quantization of the three dimensional spherical square potential well is a standard problem of quantum mechanics [9] . Setting where M is the mass of the proton, the energy levels corresponding to s states (f = 0 ) are given by the solutions of equation (3) with tg a a 0. [9] .
In this paper, it will be assumed that there is only one bound state given by equations (5) . As (7) by replacing r by rA and rB respectively. We obtain :
where A is given by equation (8) and « o, 130 by equations (6) .
We see that this matrix element, which will be shown later to be the main term, has a R behaviour which is in e -13oR.
Similarly we obtain where f/I A I VA I ql B) is given by equation (11) (15) becomes [14] .
where i stands for the normalized eigenstates of H(t) and AEi/2 are the corresponding eigenvalues -t AE/2.
Defining we obtain
If at t = 0 the proton is in the sphere A, the probability to find it in the sphere B at time t is simply and the probability of a proton transition per unit time is
The average value WAB of the transition probability taken over a statistical ensemble of pairs of interacting molecules will be The splitting AE (R (t)) given by equation (14) exponentially decreases with the interpotential distance R with a characteristic length l/j3o? which, according to equation (6b), is An upper limit of the phase angle cp (t ) given by equation (18) [17] this leads to rather good results for large times (t &#x3E; tc, which is our case here), but to very inaccurate predictions for short times (t tc).
The second method [17] , in which the correct Laplace transform P2 (Ro, R, u) of the conditional probability is used, is presented in Appendix B and surprisingly leads to exactly the same expression (29) of WAB. This result is in fact related to the spherical symmetry of the function AE(R) and would not occur for an anisotropic coupling like dipolar interactions in liquids.
As a conclusion of this discussion, WAB is given by equation (32) for an energy splitting AE(R) given by equation (30), when the Brownian motion of the potential wells is described by the usual diffusion equation. As WAB represents the average transition probability per unit time for the transfer of a proton within a single pair of molecules A and B, the total transfer rate is immediately given by l NA, NB are the numbers of molecules A (donnor) and B (acceptors) respectively. The rate constant of proton tunnelling is then, from equations (32) and (33) This result will be discussed in the following section. 4 . Discussion and conclusion.
It can be seen from equation (34) (13) of (/1 A 1 VB 1«/1 A) . Finally, the matrix elements («/1AIVBI/1B)' Sand («/1AIVBI/1A) given by equations (11), (12), (13) respectively, are expressed in terms of the reduced quantities defined by equation (4) (B.4) which is identical to expression (29).
Note that in the free diffusion case the coefficient Co(Ro, R, cr ), corresponding to the Gaussian probability (28), is still given by equation (B.9) with b = 0 and has the same limiting value (B.11) for 0" = 0. This explains why the expression (27) of WAB leads to the same result (B.12) or (29) independently of the existence of a reflecting boundary condition at R = b in the diffusion equation.
